Abstract. We report on multiwavelength (from X-ray to optical) follow up observations of a carbon star CGCS 5926, motivated by the fact that it is positionally coincident with a faint X-ray source of the ROSAT catalog, thus suggesting its possible symbiotic X-ray binary (SyXB) nature. Our optical spectroscopy confirms that this is a carbon star of type C(6,2). This allows us to infer for CGCS 5926 a distance of ∼ 5 kpc. BVR C I C photometry of the star shows variability of ∼ 0.3 mag with a periodicity of 151 days, which we interpret as due to radial pulsations. The source is not detected with the Swift satellite in X-rays down to a 0.3-10 keV luminosity of ∼ 3 × 10 32 erg s −1 . This nondetection is apparently in contrast with the ROSAT data; however, the present information does not rule out that CGCS 5926 can be a SyXB. This will be settled by more sensitive observations at high energies.
INTRODUCTION: CGCS 5926
Symbiotic X-ray binaries (SyXBs; e.g., see Masetti et al. 2006 ) are a small subclass of low-mass X-ray binaries in which (by analogy with the symbiotic binaries which are formed by an evolved late-type star and a white dwarf) the donor star is actually a red giant rather than a late-type dwarf.
Observationally, these systems are characterized by appreciable X-ray emission (10 32 -10 34 erg s −1 ; see Masetti et al. 2007 and references therein) positionally associated with a red giant star which spectroscopically does not show any peculiar features in the optical range. X-ray pulsations with periods ranging from hundreds up to tens of thousands of seconds are detected from these systems: this indicates that the accreting compact object is a slowly rotating neutron star. ′′ radius ROSAT X-ray error circle. North is at top and East is to the left; the field size is 5 ′ × 5 ′ . Right panel. V and V − IC light and color curves of CGCS 5926 folded with a period of 151 days and with zero phase at JD 2455164. We identify this as the pulsation periodicity of the star.
All the above characteristics make these systems rather unusual and, indeed, they are quite rare: up to now, only 6 systems are firmly included in this subclass of LMXBs (see Masetti et al. 2007; Nespoli et al. 2010 and references therein).
Here we focus our attention on the star CGCS 5926, which was classified by Maehara & Soyano (1987) as a V = 14.8 mag carbon star (thus a late-type giant) in the Cassiopeia region. Our interest in this star was drawn by the fact that ( Figure 1 , left) it is positionally inside the 20 ′′ error circle of the X-ray source 1RXS J234545.9+625256 belonging to the ROSAT All-Sky Survey Faint Source Catalog (Voges et al. 2000) , which makes CGCS 5926 a SyXB candidate due to its optical spectral classification and its possible X-ray emission.
However, the lack of further information at optical, X-ray and other wavelengths does not make a secure case for inclusion in the SyXB subclass. It is therefore worthy of further analysis by means of a specific spectrophotometric campaign in the optical range, as well as of a pointed observation with the use of an X-ray satellite affording localizations with a precision better than a few arcseconds.
OBSERVATIONS
Optical spectroscopy of CGCS 5926 was acquired on 2009 October 14 with the 1.82 m "Copernicus" telescope of the Asiago Astronomical Observatory (Italy). The used setup provided a dispersion of 4.2Å/pixel. The total exposure time was 2 × 20 min centered at 02:03 UT.
The BVR C I C imaging data of the source were obtained with the robotic 14-inch Celestron telescope of the Sonoita Research Observatory (New Mexico, U.S.A.) in 2009 from October 15 to December 27 and in 2010 from September 5 to November 17.
The field of CGCS 5926 was then observed on 2010 January 6 in the 0.3-10 keV band with the X-ray telescope (XRT; Burrows et al. 2005 ) on board of the Swift satellite (Gehrels et al. 2004 ). The pointing started at 08:34 UT, and 4374 s of on-source data were collected. In parallel with the X-ray pointing, the UltraViolet-Optical Telescope (UVOT; Roming et al. 2005) onboard Swift observed CGCS 5926 in the U V M 2 band (λ = 2246Å; FWHM = 498Å) for a total of 4364 s starting at 08:37:42 UT of 2010 January 6.
RESULTS
The optical spectrum of CGCS 5926 (Figure 2 ) clearly shows the typical features of a carbon star (e.g., Yamashita 1967): it is dominated by the C2 Swan bands at 5165, 5635 and 6192Å in the blue, and by CN bands redwards. No emission features typical of X-ray binaries, such as Balmer and He II lines, are present.
Using the two-dimensional C(m,n) diagnostics (Yamashita 1967; Cohen 1979 ) we can classify the spectral type of CGCS 5926 as C(6,2), which means an effective blackbody temperature T eff ∼ 2500 K for this star according to Cohen (1979) .
Our photometry indicates that the source shows a variability of amplitude ∆m ∼ 0.3 mag on timescales of tens of days and gets bluer with increasing brightness, as expected for radial pulsators. A periodicity search using the Fourier code of Deeming (1975) gives a single, strong probability peak at a period of 151 days (Figure 1 , right, for the phased light curve). We interpret it as the radial pulsation period of the star. The ephemeris we obtained with this period, expressed in Heliocentric Julian Days (HJDs), provides the following times of maxima in the V band:
where E is an integer number. No X-ray source was detected in the XRT pointing: assuming a Crab-like spectrum, we get a 3σ confidence observed flux limit of ∼ 9 × 10 −14 erg cm −2 s −1 in the 0.3-10 keV energy range. Likewise, no UV source was detected in coincidence of the target down to a 3σ limit of 21.8 mag in the U V M 2 band.
CONCLUSIONS
Using the available photometry, and given that a carbon star of spectral type C(6,2) has an absolute magnitude M V ≈ -2.6 (Cohen 1979) , we derive a distance d ≈ 5.2 kpc to CGCS 5926. This implies an upper limit to its X-ray luminosity of ∼ 3 × 10 32 erg s −1 . This may cast doubts on the ROSAT detection and even on the possibility that this source can be a SyXB.
Actually, the lowest fluxes detected in X-rays from this type of source (Masetti et al. 2007; Nespoli et al. 2010) , are of the order of the above limit for CGCS 5926. Thus the X-ray non-detection does not in itself allow us to rule out that this star is the optical counterpart of a SyXB. Indeed, given the size of carbon stars (e.g., Cohen 1979) , the possibility of an eclipse of the X-ray accretor at the time of the Swift observation cannot be discarded.
Future spectrophotometric optical and near-infrared monitoring over a long time baseline (years) would help to determine if CGCS 5926 indeed belongs of a binary system, while deeper, longer and higher sensitivity X-ray observations would provide a possible detection of, or at least tighter upper limits on, the high-energy emission from this source.
